Analysis of brain connectivity from the neonatal EEG is strongly enhanced by adding the number of electrodes. Sensitivity and specificity of cortical synchrony estimates depend on the analysis montage; average and Laplacian montage have the best performance. The number of electrodes defines the optimal montage and it also sets the limits for the level of analytic details.
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a b s t r a c t
Objective: To assess how the recording montage in the neonatal EEG influences the detection of cortical source signals and their phase interactions. Methods: Scalp EEG was simulated by forward modeling 20-200 simultaneously active sources covering the cortical surface of a realistic neonatal head model. We assessed systematically how the number of scalp electrodes (11-85), analysis montage, or the size of cortical sources affect the detection of cortical phase synchrony. Statistical metrics were developed for quantifying the resolution and reliability of the montages. Results: The findings converge to show that an increase in the number of recording electrodes leads to a systematic improvement in the detection of true cortical phase synchrony. While there is always a ceiling effect with respect to discernible cortical details, we show that the average and Laplacian montages exhibit superior specificity and sensitivity as compared to other conventional montages. Conclusions: Reliability in assessing true neonatal cortical synchrony is directly related to the choice of EEG recording and analysis configurations. Because of the high conductivity of the neonatal skull, the conventional neonatal EEG recordings are spatially far too sparse for pertinent studies, and this loss of information cannot be recovered by re-montaging during analysis. Significance: Future neonatal EEG studies will need prospective planning of recording configuration to allow analysis of spatial details required by each study question. Our findings also advice about the level of details in brain synchrony that can be studied with existing datasets or by using conventional EEG recordings. Ó 2015 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Interactions between brain areas are fundamental for most brain functions. These interactions may be observed with both invasive and non-invasive electrophysiological methods and appear to support neuronal communication, integration, and functional binding via spatiotemporal constellations of phase-correlated cortical oscillations (Stam and van Straaten, 2012 Abbreviations: 3D, three-dimensional; BEM, boundary element method; CDH, cumulative density histograms; (c)DS, (cumulative) degree of smearing; (c)FNP, (cumulative) false negative probability; CSD, current source density; EEG, electroencephalography; hdEEG, high density EEG; IED, inter-electrode distance; M, number of discernible parcels; MEG, magnetoencephalography; MFC, montage fidelity coefficient; MRI, magnetic resonance imaging; PD, parcel diameter; PDH, probability density histogram; PLV, phase locking value; (r/i)PLV, real/imaginary part of PLV.
